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^ (57) Abstract: The invention relates to a substrate coated with an oriented multilayer polymeric film comprising at least layers 
of polymer particles oriented along two different directions with respect to one another. Such an oriented multilayer polymeric film 
1^ has improved flexibility as well as improved gas barrier properties. A method of forming the film on a substrate is aJso disclosed. 



wo 01/96661 



PCT/CAOl/00815 



FORMATION OF ORffiNTED MULTE.AYER 
: POLYMERIC FILMS: . ^ 

TECHNICAL FIELD . , _ . 

The present invention pertains to improvements in the field of 
. oriented multilayer polymeric films. More particularly, the invention relates to 
a substrate coated with an oriented multilayer polymeric film having improved 
flexibility and improved gas bairi^r properties, as , well as to^a method of 
formiag such a film on a substrate. 



10 



BACKGROUND ART _ , _ 

When .considering gas barrier properties of an extruded 
polymeric film coated on a substrate, it is already known in the art that the 
difiusion coefficient, of any penetrating gas such as oxygen, carbon dioxide or 
15 water vapor through the polymer film decreases by increasing the crystallinity 
of the film. This can be achieved by a chemical approach (molecular design) 

and appropriate cooling rate (chilling in the coating process). 

' >' I:' J'l-^c/j*'" .( • i '-^r * ^y} : . 

In the case of a substrate coated with an oriented multilayer 
20 polymeric film formed firom a water-based polymer dispersion and wherein the 
polymer particles of each layer are oriented in the same direction, it is also 
known that a three-layer fihn provides a stronger barrier to gas than a two-layer 
, film having the same weight, which in tum is much more efficient than a one- 
. layer film also having the same weight. Water-based polymer dispersions 
25 comprise very small polymer particles having an average size ranging fi:om 
150 to 200 mm and containing macro-molecules. When coated on a substrate 
and properly dried to remove the water, a continuous film is formed. 

Whereas scientists are still studying and modeUng oriented 
30 multilayer polymeric fihns formed fi:om water-based polymer dispersions, they 
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all agree that these films have a weak flexibilit}^ compared to that of extruded 
polymeric films. This weak flexibility renders waterbome barrier coatings in 
the packaging industry less attractive. The film flexibility is weak mainly when 
the film is folded about a fold line parallel to the direction of orientation of the 
polymer particles in each layer of the multilayer film, causing the film to break 
at the fold line. This of course impairs the gas barrier properties of the film. . 

DISCLOSURE bS^ - 



v/WXAXV LAIN-' 



It is therefore an object of the present invention to overc 
10 above drawbacks and to provide a substrate coated with an oriented multilayer 
polymeric film which is formed firom a polymer dispersion aad which has 
improved flexibility as Well as im|^roved gas barrier properties. 

It is another object of the invention to provide a niethod of 
15 forming the above fihn on a substrate. 

According to one aspect of the present mvention, there is thus 
provided a substrate coated with an oriented multilayer polymeric film, 
wherein the film comprises at least two layers of polymer particles oriented 
20 along two different direcbons with respect to one another. 

Applicant has found quite unexpectedly that the presence of at 
least two layers of polymer particles oriented along two different directions 
with respect to one another in a multilayer polymeric film improves the 
25 flexibility of such a film as well as the gas barrier properties thereof 



The present invention also provides, in another aspect thereof, a 
method of forming the above oriented multilayer polymeric film on a substrate. 
The method according to the invention comprises the steps of: 
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a) conveying ' a substrate along a predetermined path at a 
predetermined travelling speed and in a predetennined travelling direction; 

b) coating the substrate with a " polymer dispersion containing 
^ - polymer particles aad a Uiquid di%)ersihg* medium- to form on the substrate a 

5 first coating of the dispersion; ' ■ ^. ' - ^ f; * ; / . • 

" • ^ c) ' contacting the first coating with a first particle brieiitiiig roller 
- ' driven for rotation about a first Ibngitudinaraxis'th^jrebf independently of the 
substrate so as to have a first tangential speed a^ a " surface of ^^^^ coated 
substrate, the first particle orienting roller having a first particle orienting 
10 " pattern' arranged at 'a^ first "'angle' relative to the travelling direction of "the 
substrate to cause' briehtatioii of the polymer particles of the first coating along 
* a first predetenniiied direction; ' , > ^ . , f i 

^ - ^^d) - drying * the . to cause evapbiration of the liquid^ 

dispersing medium and ^formation of a first layer of oriented polymer particles 
1 5 on the substrate; and ^ ' 

:• , - : ej^^ '^ku6cessiv6ly fo^ 

' ^ oriented polyiner pafrficles,^ bich further layer being formed by:' ' ' ' 

,^ s.i; i../ i ' ij coating- a^ previously formed * underlying layer 'of oriented 
' poljroer particilfeS^^^ dispersion to form on the underlying layer a 

^20'^' finilier^cbating^sM^^^^ " ' ' ,:'h yu^h^-: ' 

i - i:'^ -''!r "^:{:^Jj[) '5^^ltactM'g the further coat^ 

• roller 'driven' for "fbtatibh' about a' further Ibngitiidinal axis thereof independently 
' of the substrate so' as' toihave a fiirther tangential speed at the surface of the 
coated substrate, the further particle orienting roller having a further particle 
25 orienting pattem arranged at a further angle relative to the travelling direction 
of the substrate tb' cause orientation of the polymer particles of the further 
coating along a fmther predetermined direction; and 
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iii) drying the further coating, to cause evaporation of the liquid 
dispersing medium . and formation of the further layer of oriented polymer 
particles on the underlying layer; : - ,. 

whereru at least one, further angle is different from the first angle or at least one 
5 further tangential speed is different from the first. tangential, speed, thereby 
forming on tiiersubstrate an oriented multilayer polymeric film having at least 
. two layerS; of polymer^ particles on different directions with 

, respect to^ one another. . , ; ; ; r,- )• . 

10^ , i V,. ' ; The, polymer particles- are. preferably, particles of a waterbome 
polymer; . Examples ;of. suitable -waterbome polymers , which may be used 
include polyvinyhdene chloride, polyyiayl.-apetatej. -polyvinyl .alcohol and 
styrene-butadiene copolymers. The liquid dispersingijnedium can comprise, for 

-;hi^-example, water, an alcohol or a m^^ . . 

* / ; V. ' lAccprdmgjto a prefeiTed-embo invention, the first 

particle orienting roller comprises^a.first cylindrical^me^ rotatable about the 
; : ; , aforesaid first longitudiijal axis an,d a firs^^ cpntujuo^ helical land on the first 
. i . cylindrical mepaber over at le^^ helical 
20 land forming a first continuous hdicalfip^dp:oxim1^ the first 

, - ■ - . cylindrical-memb.er!. The. firsit land.apdvthe ^&st:@r!?pyp (cjpfine the aforesaid first 
. ..particle orienting pattern. The ; first helicd, land wire 
i, : heUcally and tightiy wound about a maj or ^pp^tion/of;j the. .length of the first 
cylindrical member. - / • . : . . r * ' 

.25. : .V. f . * , :.. . . 

. According to another preferred embodiment of the invention, two 
further layers of oriented polymer particles are formed in step (e) by: 

i) coating the first layer of oriented polymer particles with the polymer 
dispersion to form on the first layer a second coating of the dispersion; 
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ii) contacting the second coating with a second particle orienting roller 
driven for rotation about a second lorigitudinal abas thereof independently of 
the substrate so as to have a second tangential speed at the surface of the coated 
substrate, the second particle orienting roller haviiijg a second particle orienting 
pattern arranged' at a second angle relative to ttie tavelling direction of the 
substrate to caiise orientation of the polymer particles of the "second coating 
along a second predetermined direction; 

iii) drying the secoiid coating to cause evajporation of the hquid 

dispersing medium and formation of * a second layer of oriented' polymer 



10 particles on the first layer*; ' 

iv) coating ^he second layer of oriented polymer particles with the 
polymer dispersion 'to form oil' tiie second layer a third coatiiig of the 



dispersion; ' 
' ' ' ' v) contacting th6" third coating with a third paWicle orienting roller 
15 driven for rotation al)6ut a m^^^ Idngifudinal axis thereof independently of the 
coated substrate' so W^tb hav^^ a third tangential speed at the surface of the 
' substrate/ tlie^t^ orienting roller having a third particle orienting 

pattem arranged at a third angle relative to the travelling direction of the 
substrate to cause orientation of the polymer particles of the third coating along 
20 a third predetenrimed durection; and 

' v§ (laying the third coating to cause evaporation of the liquid (iispersing 
medium and formation of a third layer of oriented polymer particles on the 
second layer. 



25 " The second angle is different from the aforementioned first aiigle 

or the second tangentidl' speed is different from the aforementioned first 
tangential speed, whereby the second predetermined direction is different from 
the aforementioned first predetermined direction. The third angle is different 
from the second angle or the third tangential speed is different 'from the second 
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tangential speed, whereby, the third predetermined direction is different firom 
the second predetermined direction. 

PreferablY, , the second .particle orienting roller comprises a 
5 second cylinjirical member rotatable about the aforesaid second longitudinal 
axis and a first plxirality of juxtaposed contmuous helical lands on the second 
cylindrical member over at least a portion of the length thereof, the helical 
, land^ of the first plurality having a similar pitch and forming a first series of 
; helical ;^article orienting grooves olong the second cylindrical member, the 
10 lands of the first plurality and the grooves of the first series defining the second 
particle orienting pattern. The third particle orienting roller, on the other hand, 
comprises a third cylindrical member rpteitable about the aforesaid third 
longitudinal axis and a second plurality of juxtaposed continuous helical lands 
on the third cylindrical member over at Ipast^a i)Qrtion^of length thereof, the 
15 helical lands of the second plurahty . having a similar mtch^ and forming a 
second series . of helical particle orientmg grc^oyes^^^ 

jnember, the lands of the secorid plurality and the grooves of the second series 
defining the third particle. orientm , ^--.u^ 

20 The aforementioned particle prieijto^ with a 

series of helical particle orienting grooves is iioyel and constitutes a further 
aspect of the invention. 

The present invention therefore provides, in a further aspect 
25 thereof, a particle orienting roller for . orienting polymer particles present in a 
polymer dispersion coated on a substrate. The particle orienting roller 
according to the invention comprises a cylindrical member rotatable about a 
longitudinal axis thereof and a pluraUty of juxtaposed continuous helical lands 
on the cylindrical member over at least a portion of the length thereof. The 
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helical lands have a similar pitch and form a series- of hehcal particle orienting 
grooves ' along the cylindrical niember ■ for ' iinparting a predetermined 
orientation to the polymer particles when the cylindricar member is rotated 
v/hile being in contact with the polymer dispersion. 

" ■ ^ ■ - According to • a preferred embodiment, the helical lands are 
defihed by a plurality of juxtaposed wires helibally wound 'about the cylindrical 
' ' member, the helical paiiicle^ oiieiitiiig- grooves being- each 'defiiied between 
adjacent wires. ' ' * 

''■ ' ^ AccoMing to'anbtiierprefert^ the ^elical lands are 

defined by a plurant> of •helicarribs^integrally formed on a peripheral stirface 
' of the cylindrical member, the heiicar particle orienting grooves being each 
V ' defined between a<yaceht'ribs!i '^'^ ' :^ ' - ^ - < ■ ^ ^ — 

' \ " ' ^^^^ '^AfecSfdmg to a fiarther preferred-embodiment, the helical particle 
orienting' grobveisH afe mtegrally defined in' a' peripheral surface of the 
cylindrical member.' ^ * = : >^ ' ^ ^' . i-^ > 

25U :: !:x: 'o: '{'A^l p^fticularly^ multilayer ^ ' polymeric "fihn 

foraied on a substrate itf accofdairibe with the invention is an. oneiited three- 
' ^^ Iaycr^p6iymeri6 fiMt^ 

along a first direction,' a second layer disposed on the first layer and comprising 
' ' ' polymer particles oriented along a second direction angled at about 45° relative 
25 ^to the fibrst 'direction, and a third layer disposed on^ the second layer and 
^ - comprising polymer particles oriented along a third direction parallel to the 
' first direction: ' . ^ - : 
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As previously noted, the oriented multilayer polymeric film 
formed on a substrate in accordance with the present invention has improved 
flexibility and improved gas barrier properties. , . : . , 

5 BRIEF DESCRIPTION OF DRAWINGS 

. „. Further features and advantages of the invention will become 
more readily . . apparent . firom ;,tb.e . following description of preferred 
... embodiments as illustrated by way.of exaipples in:the' accompanying drawings, 
in which: 

10 Figure 1 is a schematic view of an apparatus for carrying out a 

; . method of forming an* oriented twoTlayert polymeric film on a substrate, 
; according to a preferred embodiment of therinventi.on; ^ ... 
V ' ; Figure 2 is a partial schematic bottom plan, view of the: apparatus 

shown in Fig, 1, illustrating the orientation^ of >r^e:, polymer particles in the 
15 successive coatings applied onto the substrate; 

,-r-r / ■ J.i - Figure) 3 is a schematic view of apparatus for carrying out a 
method of forming, an ; oriented threerlayer polyfner^. film on^. a substrate, 
according to another preferred embodiment of the iijv^iitipn; . ; ^ . ^ 

Figure 4 is a partial schematic bottom plan view of the apparatus 
20 shown in 'fig-^: 3, illustrating, the /oriente^^ particles in. the 

r successive coalmgs appHed onto the- siA r .rr ir dr.a - : 

^: r:':., ! Figure 5 is a partial side view of. a. conypnti^^ 
.. rrqller which is used in the appaiatuses shown in Figs.; .1 md 3; i 

Figure 6 is a partial side view of another: conventional particle 
25; - orienting roller which may also be used in the apparatus shown, in Fig. 1 or 3; 

, Figure 7 is a part-sectional side view of -a particle orienting roller 
according to a preferred embodiment of the invention, which is used in the 
apparatuses shown in Figs. 1 and 3; 
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Figure 8 is a side view of a particle orienting roller according to 
another preferred embodiment of the invention, which may also be used in the 
apparatus shown in Fig: 1 or 3; • - - ' c 

^ ' ' Figure 9 is a side view of a particle orieritiiig roller according to a 

'5 further prefen^ed embodifnenit' of the inventi^ 

apparatus shown in Fig. 1 or 3; * ' ' * 1 - ' ' ^ - - 

* ' ' ' ' " ■ Figure 10 is' 'a' schematic top 'plan' view illustrating how 
conventional p'artici'e brientiig rollers ruay disposed m ihe' travelliiig path of 
the substrate to fbrm thereon an Oriented three-layer polymeric film', according 

10 to' a preferreci eml^odiment ofthe invention; a^^ - ■ ^ ■ '■■ 

' ' Figure '11 is a view similar to Fig, 11,- illustrating' how the 

travelling direction^f the substrate maybe varied relative to the rotation axis 
of one of the conventional particle orienting rollers to form on the substrate an 
' oriCTted"^' three4ayer ''^polynleric-^ =fihn^ - according to another preferred 

15- ' embodiifiei^ '''' ' ;i i ^; 

^ MODES F^^ ' '0^ 

o v. Referiihg first to Figs; l and 2, a continuous web 10 of paper is 

^-^^ -'''c6n*^byed firoinr-^aJ'f^a^i^folI 12 through a first coating station 14, a'first particle 
20'-- 'brienMg'^yfidtf 1^,^^ first d^ station 18;' a second^ coating -station 20, a 
' : ■Secbiid fiafticl6 dnfentihg- -station 22 and a second drying statiori'24,* by guide 
- -Ml6fe'*26 and''Bt'*tBik6%i^ kJrivin^ roller 28. At the coating station 14, a first 
* coating rolled 30A partially immersed m a first bath 32A of piolymer dispersion 
' " containing palymei particles "and water is used for coating "the paper web 10 
25 ' with the polyirier dispersion - sb as to form on the paper web 10 a first coating 
' 34A of polymer dispersion. At the particle orienting station 16, the first coating 
' 34A is contacted with a first particle orienting roller 36 which is driven for 
counterclockwise rotation about its longitudinal axis independeritiy of the 
paper web 10 so as to have a tangential speed at the surface of the coated paper 
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web 10. The particle orienting roller 36 is driven by a suitable drive mechanism 
(not shown). It has. a particle orienting pattern 38 arranged at an angle relative 
to the travelling direction 40 of the paper web 10 to cause orientation of the 
polymer particles of the first coating 34A along a first predetermined direction. 
5 _ In thQ embodiment rillustrated, the polymer particles 42 A of the, first coating 
34A' downstream of the roller 36 are oriented, in a directipn parallel to the 
travelling direction. 40 of , the paper web 10:, in other words, they are oriented at 
an aiigle of Q'^.sThe paper web 10 provided with the coating 34A* of oriented 
polymer p£iTticles .42 A is then, passed through a first dryer 44A;to cause 

10 evaporation of the water present m the. Aoating r34A' and formation of a first 
, . layer 46A, of oriented polymer particles.42 A on the paper web 10. In Fig. 2, the 

; .J.: broken line 48 represents Restart of v^^^^ 

; . J : . At the . second coating ^tat^on^ 20, -a; second :Coating roller 30B 

15 partially inomersed in a second bath 32B pf;th<&.pp^yiner .(Kspers^ is used for 
coating the first layer 46A with the polymer dispersion so as to form on the 
layer 46A a second coating 34B of p9lymer;disper:Sion^ the second particle 
orienting station 225.the,second coating 34B is cpnt^pted with a second particle 
; , orienting roller 5QA \Yhich is driyen-tfQr. count^^clpck^ .xotation about its 
20 longitudinal ajxis independently of the. pape^ y/eb IC so^as-tp have a tangential 
spjeed at the surface of the coated paper , y/eb .ip^r '^&e particle prieixting roller 
50Aris driven .by a suitable drive mechapisin (nQt shown). The tangential speed 
, ,of the particle orienting roller 50A is the same as. the^ tangential speed of the 
particle, orienting roller 36. The roller 50A has.a particle, orienting pattem 52A 
25 arranged at angle relative to the travelling direction 40 of the paper web 10 to 
cause orientation of the of the polymer, particles of the sepond coating 34B 
along a second predetermined direction. In the embodiment illustrated, the 
polymer particles 42B of the second coating 34B' downstream of the roller 50A 
are oriented in a direction angled at about 45° relative to the travelling 
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direction 40 of the paper web 10. The paper web 10 provided with the layer 
46A of oriented polymer particles 42AV on which is' disposed the coating 34B' 
of oriented polymer p^cle 42B* of oriented pblyindr particles 42B, is then 
passe(i through a second dryer 44B to cause evaporation of the water present in 

5 the ' cbatiiig 34B*''and fdrniatibn of a' second layer of oriented polymer 
particles 42B on the first layer 46A of oriented pdlymef' particles ^2A. In Fig. 

' 2, thebroken lirife* 54 rejpreseri^ start 'of the second drying 

■t:: 7 jjj^^ tfib apparahis shown in Fig. 1 enafiles^ brie to form on the 

10 ^aper web 10 an bri'ented* two-laye^^^ film having ^a'fifsf layer 46A 

comprising polynler paitides 42A- oriented * along a predetermined' direction 
(i.e. 0^), and a sfecorid layer 46B dispb'sed on the first layer 46A and comprising 
^' -polymer particle 42B oriented a^ a Idirectibn angled at about 45*^ relative to 
' tiie direction of brientktion' of '^^^^^ " - '" v *r 

' ^ ■ - ^ " ^ ■ T^iS^pfJarafe^^ Fig. 3 is siinilar to tiie'one illustrated 

in Fig. 1, with the exception that a third coating station 56, a third particle 
'''brierinng statidtf^^^^ station 60 'have been added in order to 

' * ' ' fbrrii bn the" sec^onH'faye^^ 46!B of oriented polymer particles 42B a third layer of 
2a ' ■ ' oriented *p6iyi£er^ in'FigsV3 *arid 4; at- the coaling station 56, 

St thiro coktiiig FoKef 30C partially immersed in a third bath 32C of the polymer 
■ dispersion is xiseii tor coating the 'second layer 46B witli the polymLer dispersion 
' ' ' sb'as toTorih'bri the'laiyeir 46B a third coating 34C of polymer dispersion. At 
' ' the particle oneiting statibn 58, the'third coating'34C is contacted with a third 
25 particle orienting roller 50B which is driven for clockwise rotation about its 
longitudiiial axis indepehdently of the paper web 10 so' as to have a tangential 
- speed at the surface of the coated paper web 10. The particle orienting roller 
5bB is driven by a suitable drive mechanism (not shown). "It has* a particle 
orienting pattern 52B which is'the same as the particle orienting pattern 52A of 



wo 01/96661 



-12- 



PCT/CAOl/00815 



the particle orienting roller 50A. Since the roller. SOB has a negative tangential 
speed as opposed to the positive tangential speed of the roller 50A, the particle 
orienting pattern 52B of the roller SOB imparts to the polymer particles of the 
third coating 34C ,a.n orientation along a direction which is the mirror image of 
5 the direction of^prientation of .the polynier particles -42B of the . second layer 
46B. .ITius, .in th^^ illustrated, > the polymer , particles 42C of the 

third ^coating. downstream of the .roller SOB, are . oriented in a direction 
angled at about 45° relative to the travelling direction 40 of the paper web 10, 
but at90° relative to. the direction of oriprftatipn pf the polymer particles 42B of 
;io ,,,the. second layer 46B. The paper we]? AO' pirpyided with the layer 46A of 
,oriented polym.er particles ,42A and:the layjer 46B .of. oriented polypaer particles 
,., ,,42B, on which is disposed the jcoating 3,4C1 of oriented polymer particles 42C, 
* . -is then passed through , a; &ird ,d^ evaporation of the water 

present in the coating 34C' and formf;tipn,,og a,^tod layer 46C ,of oriented 
15 polymer particles 42C on the second layer 46B of oriented polymer particles 
; , 42B. In Fig. 4, the: bipken line 62 represents tiie.^a^t p^fthe third. drying step. 

It is of cpurse ppsisible to replape^^|be;paiJicle,,orienti^^ SOB 
;by the particle, orienting^ roller 36 driven foj^jco^wite^jlpcl^ rotation about its 
20..^ longitudinal axis. In this case;^ the.directioiit-.jpjC,^^ 
I , .particleSv42C of the .third. Jayer, 460: would- ^^e.^th?;^?^ the. direction of 
orientation, of the polymer particles 42A of tljie firgt layer 46A, In.other words, 
the polymer particles 42C of the third , layer 46G would be oriented in a 
.'direction parallel to the travelling; direction. 40 of the paper web. 10 (i.e. at 0°). 

The particle orienting roller 36,used in the. apparatuses shown in 
Figs. 1 and 3 is a conventionaLparticle orienting roller which is illustrated in 
more detail in Fig. 5. As shown in Fig. S, the roller 36 comprises a cylindrical 
member 64 and a single wire 66 helically and tightly wound about the 
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cylindrical member 64 over a major portion of the length thereof. The single 
wire 66 forms a continuous heUcal groove 68 adapted to impart to the polymer 
* particles an orientation in' a direction at 90° relative to longitudinal axis of 
the cylindrical member 64. Thb sinigle wire 66 defines ia 'continuous helical land 
5 ' of rikjge oh tiae circumference of tHe Cylindrical Member 64/ Tlius, the pitch of 
the particle orienting ' roller 36 is equal to a lead thereof/ the lead being the 
^ ' distance a lielical land' or ridge advances axially in ohb'ttmi'orthe particle 
" orienting roller 36. The lanld lieifiiecl by the Single wire 66 tdge&ef with the 
. groove 68 define the aforesaid particle orienting pattern ^8.'' 

10 

Instead of using the particle orienting roller 36, it is possible to 
' iise the roller 36* illustrated' in' Fig '6/ As shown, the particle orienting roller 36' 
comprises a cylindrical 'member 70 provided with a single helicargroove 72 
'-^ wMch is integralfy de&ied iii the peripheral surface of the cylindrical 
15" iheinber 70 and' extehds^ai6iig a major portion of the length thereof. The helical 
" ' gr66Ve72 is acfapfed'to 'ini the pdlynier^pafticlbs aSi orientation in a 

'''dir^cticin at '90°' rela;tive to the longitudinal axi3 of the cylindrical member 70. 
^^"In'tliik'siligl^^ i^^^^^ 72, the lead is equal to the pitch of the particle 

' ' ■ brientihg foiler 3^^^ TKe 'gfoove^72 may be formed by machining; As a 'result of 
20 ' " the machin^ of^siich a' grbove) a singk"cdntinu6usi helical land 73 is formed. 

" ' '' ^fia(:ti^of pa^^ orienting rollers 50A and iSOB 'is a particle 

orienting roller 50 according to a preferred embodiment of the invention, which 
' is illiistrated' m 'Figi''7. As stown,' the roller 50 comprises a cylindrical 
25 meihber 74 arid a' plurality' of juxtapbsed continuous helical lands defined by a 
' ' plurahty of juxtaposed 'wires 76 helically wound ' about the cylindrical 
member 74 over Winajor portion of the length thereof The wires 76 are wound 
' so as to have the same pitch. A helical particle orienting groove 78 is defined 
between each pair of adjacent wires 76. The lands defined by the wires 76 



wo 01/96661 



- 14- 



PCT/CAOl/00815 



together with , the grooves 78 define the aforesaid particle orienting pattern 
52A,5233, As opposed to the particle orienting rollers 36 and 36' shown in Figs. 
5 and 6, respectively, the lead Z of the particle orienting roller 50 is not equal to 
the pitch thereof, but rather to "n" times the pitch thereof, "n" being the number 
5 , of wires 76 helically wound shopt the cylindrical, member 74 , This enables the 
particle .orienting grooves 78 to orient the polymer particles alpng a direction 
wMch is angled atabput 5° to about 85°^relatiye to the travelling direction 40 
. ,..of^e . paper web IQ, depending ifpr instance on the.pitch and the tangential 
speed of the roUer 50. 

10 

^ ; The pitch of the particle prienting roller 50 has a direct influence 
; on the angle of the particle orienting pattern thereof. , Therefore, by changing 
. Ihe pitch of the roUerSO, it 1?ecpmes possible to change the direction of 
.^j.^^^ orientation of th^ polymer particles. AJtemativi^l^^ can be. done by 
15 . changing the relative orientation of the roller 50 with respect to the travelling 
direction 40 pf thp w;eb. 10. Further directional .^9l^^ij^ei|^ l^e imparted to the 
polymer .particles by varying ,the: tangenti^ speedy, of^ the particle -orientrag 
roller 50. The tangential, speed can be varipd^b^. ,the aijy^larjSpeed of 

, the roUer; or its. diana^ete^^^ 
20, ^ the^dirQcticn of rotatipn of the, roller 50. As^^pr^^c?^^ noted^ja chapige in the 
direction of rotation of the roller 50 firom a counterclockwise to a clockwise 
, ^ rotation may be seen as a change, from a positiv^ aji^ggative tangential speed. 

, Instead of using the particle orienting roller r5Q,, it is dlso possible 
2^: . to use the rollers 50V and 50" illustrated m Figs, 8 and 9, respectively. As 
shown, in Fig. 8, the particle orienting roller . 50V comprises a cylindrical 
member 80 and a plurality of jiixtaposed continuous helical lands defined by a 
plurality of hehcal ribs 82 integrally formed on the ,peripheral surface of the 
cylindrical member 80 over a major portion of the length thereof A helical 



wo 01/96661 



- 15- 



PCT/CAOl/00815 



particle orienting groove 84 is defined between each pair of adjacent ribs 82. 
The helical grooves 84 are adapted to orient the polymer particles along a 
direction which is angled at 'about 5° to about 85° relative' to the travelling 
' direction 40 of the paper web '10, depending for iasiaLric'e oh the pitch and the 
V tangential speed of the ^roller' 50*; The' particle orientih'g roller 50" illustrated in 
Fig. 9 comprises a cylindrical meinber 86 provided wdth a plurality of helical 
' *■ particle orienting grooves '88 %hich are integrally 'defined in the peripheral 
' ' surface of the cylindrical member ' 86 and extend ialong a maj of portion of the 
'"length thereof. The h'blical grooves '88 are also adapted to orient' the polymer 
10 ' ■ particles along a direction ' which is angled at about 5° to about 85° relative to 
the travelling direction 40 of the paper web 10, depending for iostahce on the 
pitch and the tangential speed of the rbllef 50". The grooves 88 may be formed 
' by machining."As'% fes^^^ of such grooves,. a plurality of 

juxtaposed continuous helical lands 89- are formed. In the embodiments 
15 illustrated in Figs. 8 and 9, the particle orienting grooves 84 and 88 are similar 
' ^ to'ffie particle orientinjg grooves 78 of tlid roller 50 shown in Fig. 7. The lead €' 
- of the roller '50*^d^the lead of the roller 50" are also the same as ' the lead Z 
•6fth^'roUe?50? *" ^ - ■ ^^i^ ^ : ^ . ^ 

2Qt.' iui cr. i rjT illustrated in Figs. 1-4, the-^rot'atiori axes of 

the rollers '36;^*50A and^50B'- are- all at right angle- Veliative to the Ixavelling 
' ■diiecfion 40 of^thH^^apbr weh 10. It is possible to achieve' the same results 
^ ^ without usinjgothe particle orienting rollers 50A and 50B,-by replaciag these 
rollers * with* the particle orienting roUei"s 36 and inclining one of the rollers 36 
25 relative to the traveUing directibn- 40 of the paper web 10.' This is schematically 
illustrated in Fig. 10. As shown, three particle orienting rollers 36A, 36B and 
' 36C are used, the rollers 36A and 36C being disposed so that their rotation axis 
extends at right angle relative to the travelling direction 40 of the paper web 
10. The roller 36B, however, is disposed so that its rotation axis extends at a tilt 
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angle of about 45° relative to the travelling direction 40. of the paper web 10. 
As a result of such an inclination,, the particle orienting groove 68 . (shown in 
Fig. 5) of the roller 36B. imparts to the polymer. particles an orientation which 
is angled at abou^.45° relative, to, the travelli^^ direction 40 of the paper web 
.5 .^1,10. Thus, the oriented three-layer film, formed, a result, of (the disposition of 
the rollers 3^A,,3.)yiB and 36C comprises^; a first layer of polymer particles 
orieyLted,alppg a. direction pa^ the .travelling cjirection 40 of the paper 

. , web, ra, second 4ayer of polymer ]particles .orie^ited , along a * direction angled at 
. about .45v relative to . the ,direetipn;,4G, .a^^^ layer , of polymer particles 

10 oriented .^ong a direction parallel to.- &e ;diTec;tipu ;40. Although the particle 
J . .^orienting roller 36B is showp, in Fig. Ip^as-beitig ^ncline^^^ 45° relative 

p^:^ .to the travelling direction 40, of . the .paper . web 10^ it is, possible to dispose the 
. j : roller 36B so that its rptatioi^ ^s extends. at;a.tilt,angle ranging frpim about 5° 
...ti; ,tp about 85° rektive to thq direction 4^ ,j , j,.?rri.:f b i 

■15.,"- hii ' ^ , ■> . ' • :)rro i: /} bns 8 .aj^iH :i! ::i:j"^:J' :.:Li 

. . . , . J jThe sarae result, a^ that; obtained ^w;^^ in 
Fig. 10 can al^o be^ achieyedby disposing, the par|tj:c^^ 36B so 

that its rotation axis is parallel to the rotation axis of the particle c^^entyig roller 
36A and by varying the travelling direction of the paper web 10,. prior to the 
20 - . secpnd; cpating of pplymer dispe;^sipn beijag cpi^pte^ l^' the roller 3 6B, so that 
... it dsyangle4., at (the aforesaid tilt angle. ^if^la^jv^g t9)>th)^)ro|at^9rij a;xds of the 
rpll,er36B...T^ is schematically iUustratjedtri^^]^^^ ^l^oiwn, by using 

J. : . , appropriate guide rollers 90, one may vary, tljie^ travplliiigcC^ of .the paper 
. . web 10 downstream of the roller 3 6B so that the r trammelling direction 40' is 
25. ; . angled^at about 45° relative to the rotation axis of the.roller. 36B. . 

The following non-limiting example , fbrfher illustrates the 
invention. . . 
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EXAMPLE 

An oriented three-layer polymeric film A was formed on a 
paperboard, by the method described above. The filin A comprised a -first layer 

5 of polymer particles oriented along a direction parallel to the travelUng 
direction of the paperboard (i.e. 0°), a second layer of polymer particles 
oriented along a direction angled at 45° relative to the travelling direction of 
the paperboard (i.e. 45°), and a third layer of polymer particles oriented along a 
direction parallel to the travelling direction of the paperboard (i.e. 0°). The 

10 moisture vapor transmission rate (MYTR) of such a film was measiored at 
37.8°C and 100% relative, humidity and compared with the MVTR of an 
' oriented three-layer polymeric film B formed on the same type of paperboard 
by.replacing the particle orienting rollers 50A and 50B in the apparatus of Fig.^ 
3 with the particle orienting rollers 36 shown in Fig. 5. The film B comprised 

15 three layers of poljiners particles all oriented along a direction parallel to the 
. travelling .direction of the paperboard (i.e. 0°, 0°, 0°). The results are as 
follows: . . 







■ ' • ' FihnB" 








> Film Weight: - 


^ ,■ . MSTTR' 


' Fihn Weight , 


■ MVTR 




(g/mVday) 




(g/m^/day) 


17;..... ,^ 


. 2 




.4 



20 : " As it is apparent, the film A has better moisture vapor barrier 

properties than the film B, : . 
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CLAIMS: 

1. A method of forming an oriented multilayer polymeric film on a 

substrate, compnsing the steps of: 

a) conveying* a^ substrate along ^ a predetermined path at a 
predetermined traveilihg speed and in a predetermined travelling direction; 

b) coating the substrate with a polymer dispersion containing 
polymer particles and' a liquid dispersing mediuin to form oh said substrate a 
first coating of said dispersion; 

c) cbntacting said first coating with a first particle orienting roller 
driven for rotation about a first longitudinal axis thereof independently of said 
substrate so as to have a first tangential speed at a surface of the coated 
substrate, said first particle orienting roller having a' first' particle orienting 
pattem arranged at a first angle relative to tlie travelling direction of said 
substrate to cause orientation of the polymer pebticles'o^^ said first coating along 
a first predetermined direction; ' ^ • 

d) drying said first coating to cause evaporation of said liquid 
dispersing medium and formation of a first layer of oriented piolymer particles 
pn said substrate; and ^ 

e) ^. , successively forming on said first layjerj^ at least one fiuiher layer 
of oriented pol3maer particles, each fiirther layer being' formed by: [ 

- ; i) coating a previously foraied rmdeilying layer of oriented 
polymer particles with said polymer dispersion to form on said underlying 
layer a further coating of said dispersion; 

ii) contacting said fiirther coating with a fbrther particle orienting 
roller driven for rotation about a fiirther longitudinal axis thereof independentiy 
of said substrate so as to have a fiirther tangential speed at the surface of the 
iCoated substrate, said fiirther particle orienting roller having a fiirther particle 
orienting pattem arranged at a fiirther angle relative to the travelling direction 
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of said substrate to cause' orientation of the polymer particles of said further 

coating along a further predetermined direction; and- * ■ ^ • 

iii) drying said fiarther coating to cause 'evaporation of said liquid 

dispersiQg medium and formation of said further layer of oriented polymer 
■ particles on said un * * .'w. ri ./ 

Avherein at least one said^further -'angle is different from :said fibrst angle or at 
^ least- one\said further tahgehtiar s^^ 

speed, thereby forming on said substrate an oriented iiitiltilayer-polinm film 

having at least two layers of polymer particles oriented along two different 

' directions with respect to one another. ^ 

• 2. A niethod according to claim' 1, wherein the longitudinal axis of 

said first particle orienting 

direction of said substrate, and wherein said first predetermined - direction is 
parallel to the travelling direction of said substrate. 

''^ -3. - ' ''^A^^me&bd according -to claim '1; wherein said first particle 

orienting roller comprises a first cylindrical member rotatable about said first 
longitudinal axis and a first continuous heUcal land on said first cylindrical 
; niember-6VerW'4g^^ portion of the'^'length thereof," said first helical land 
fonSMg^^a-'fi^^ orienting groove, along^ said first 

^cyliiidricai menlbef-'-aCnd wherein said first land and said first groove define 
' ' ' Smd first p'aiiide orienting pattern^ ' • f . : ; : . ; 

4. method according to clairh 3,^ wherein said first heUtal land is 

' defined by a single wire helically and tighdy wound about said portion of said 
first cylindrical member. " . ' i / , 
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5. . A method according to claim 3, wherein said first helical particle 
orienting groove is mtsgrally defined in a peripheral surface, of said first 
cylindrical m.emben I i , 

6. A method according to claim 3,, whereia only one-further layer of 
, orientpd .polymeri p^cles is. formed, in step (e), .said.; first layer of oriented 

polymer p^^cles defining said previously formed underlying layer of oriented 
. polyi^ier particles. 1: • . . . ^. : 

7. A method according to qlaim:. .6, wherein the longitudinal axis of 
said further particle orienting roller extends at right angle relative to the 

' y -travelling direction of said :substrate, and. wherein .^aid fiirther predetermined 
. . direction is angled at about 5°;tO;about 85° rdativeptq the travelling direction of 

_..j^/saKi;substrate." -.j : .^v- i.^m: ^if^x^j^Hvp \\]^/ fo . .-^ 

8. A method according to claim 7, wherein said further 
, . predeternuned :db:ection vis '-angled at aboutH^Sror-f dative to the travelling 

, ' direction of said sxxbstrate.j;-;' - . f; m .oitq/rioo riiJnjio 
• IV /: "i , , . [yy ;-\>;» r-.v .» :'/o;' ::'vi ^ bns ^i.xt> '.-ir 'jly* ol 

• 9;;; A method according ^tQr claipi j^, i,\^b£r^;:Paidifui^ particle 

, , .orienting roller comprises.:.a JEurther -cylipc^ said 
. . fiirther longitudinal axis and a plxirality -of ji^tappsejdtj^ppi^nuou^. fiiijther helical 
lands on said further cylindrical member:Over at= least] -Siportioniof the length 
thereof, said further heUcal lands having a similar pitch and forming a series of 
: ' further helical particle orienting grooves along said furtl>er cylindrical member, 
and wherein said further lands and said fiirther- grooves define said further 
particle orienting pattem. : 
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10. A method according to claim 9, wherein' said 

are defined by a plurality of juxtaposed wires helically wound ' about said 
portion of said further cylindrical imeinber, said' further helical particle 
orienting grooves being eich defined betwe^eh'adj^^^^ ^ ' 

1 1 . A method according to claim 9, whefeiii said further helical lands 
are defined by a plurality of helical ribs integrally formed on a peripheral 
surface of said further cylijadncali member/ s^id' * fiirther helical' particle 
brientinjg grooves being eacH 'defined between adjacent rib^ ^ ' 

12? X' method ' accord^ 9/ wherein s^id furth'ef helical 

' particle orienting grooves ate integrally defined in a peripheral surface of said 
. ■ further cylindncal member/^ ^ ^^^ " ' ' - " 

13. A method according to claim 6, wherein the longitudinal axis of 
' ' smd fiifthdr'p orienting roller and the Ravelling direction^ of said 
' ' sixbstrate are mdined 'at a- tilt ahgie bf about 5° to abbut 85° relative to one 

another, and wherein said further predetermined direction' is at right angle 
relative to the longitudinal axis of said further particle orienting roller and is 
" amgled at' iain" angle feqtial to saiii tilt angle relative to the travelling direction of 
saifi'substtateV'^""" ' ■ ' ' ^-^ *' = 

14. A method according to claim 13, wherein said tilt angle is about 

'45°.-' ■ "-'"^ ' - ■■' ■ • ■ ■ ' 

' 15, ■ ' 'A' method' according to claim 13, wlierdin the longitudinal axis of 
siaid further particle orienting roller is inclined at said tilt angle relative to the 
travelling direction of said substrate. 
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16. ■ . A method according to claim 13, wherein the longitudinal axis of 

said fiuUier particle -orienting, poller is parallel to the longitudinal axis of said 
first particle,., orienting roller, and wherein the travelling direction of said 
substrate is varied prior to, said further, coating being contacted by said fiirther 
particle orienting roller so as to be angled at said tilt angle relative to the 
lon^tjidinal ajqs of said fiirther particle orienting rpller. , * , 

17-. ... : method ^ according to^claim 13,. wherein said further particle 
orienting roller comprises a further cylindrical member rotatable about said 
further longitudinal axis and a further continuous heUcal land on said further 
cylindrical member over at^least a ipprtion of. &e length thereof, said further 
Jtielical land forming a further ; ponlmuous helical^ j^article^ orienting groove 
along said further cylindrical member, and .v^here?|| said .fe land and said 
further groove define said further particle orienting pattern. 

18., A method according to claim 1 7, whqiein^said furthei; helical land 

iS' defined by a single ^wke helically and tighfly-^^oynd about said portion of 
said further cylindrical member. 

19. n .A method according to ^clainj. 17. wherein ^said^further helical 
particle orienting groove is integrally defined in a peripheir^l . sui;face of said 
further cylindrical member. 

.J ' ... - J 

20. A method according to claim 3, wherein two further layers of 
oriented polymer particles are formed in step (e) by: 

, - . i) coating said first layer of oriented ppljiner particles with said polymer 
J dispersion to form on said first layer a second coating of said dispersion; 

ii) contacting said second coating with a second particle orienting roller 
driven for rotation about a second longitudinal axis thereof independently of 
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said substrate so as to have a second tangential speed at the surface of the 
coated substrata, said second particle orienting' roller having a second particle 
orienting pattern arranged at a second angle relaWe tb the travelling direction 
of said substrate to cause brieintation of the pblynier' particles of said second 
coating along a second predetermined direction; 

iii) drying said second coating to cause evaporation of said liquid 
dispersing inedium ariid fonhatibn bf^a second layer of oriented polymer 

' particles on said &sf layer; ' ^ '''' - '^ ^ > ix 

iv) coating said second layer of oriented polyiner' particles' with said 
polymer dispersion to form on said second layer a third coating of said 
■^sperision; *■'* ' ' - o' - • ■ ^ ^ 

v) contacting said third cbating with a third particle orienting roller 
driven for rotatiori^boiit'a third longitudinal axis thereof independently of said 

' substrate so as t6 haVe''^^ 'third tangential speed at the surface of the coated 
substrate, said third particle orienting roller having a third paiiicle ^orienting 
pattern arranged at a third angle relative to the travelling direction of said 
' substrate t6 ciii'sB' orientation of the poljnoaef ' partiBles of said third coating 
'^'■ ''Mon^ a ' ' ^ ^ ' ' 

' -'^ of said liquid 

' " ispbf sing' m^^ a third layer of oriented pblyiner particles 

' * * 'wliereih'Wid' secbnd^ang^^^^ from ' said -first angle or said second 

^ 'ta&igential spbb^' is differd^^ first tangential speed, whereby said 

second predeterinined' direction is- different from said first predetermined 
direction, aiid wherein said third angle is different froin said second angle or 
said third^ taiigential *'speed is different from said second tangential speed, 
whereby said third predetermined direction is different from said second 
predetermined direction. - ' , * . 
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21. A method according to claim 20, wherein the longitudinal axis of 
said second particle orienting .roller extends at right angle relative to the 
travelling, direction of said substrate, and wherein said. second predetermined 
direction is angled. 3t about 5° to about .85° relative to the travelling direction of 
said substrate. , ^ . .< 

I 

22. v-: A ..method, according,: to, claim 21, .wherein said second 
predetermined direction is angled at about 45° relative to the travelling 

- direction of said substrate. . . .. i .„ . , , . 

23. A method according to claim 21, wherein the longitudinal axis of 
, ;Said third particle- orienting roUq: extends: :at Tight .angle relative to the 

...travelling direction of sai^ si^strate,,,and jjvhjereuv said third predetermined 
... direction is angled at about 5° to about 85° fQlaJij^ej to^the travelling direction of 

• said substrate. -; i 'j'o'j vn-^ lihiliBq hiUtt .:^^r -. 

. 24. . J A mefeod. according to clmn^,2Q, .yh^e^^ said second particle 
orienting roller comprises a;. second cylindgjD^^^ jtjLei^te said 
second longitudinal axis . and^-A first pluralijty-^o^^pjijt^p^^ ppntinuous helical 
. , lands on said second, cylinxlripal naembe;r o^erj^^J length 
thereof, the helical lands of said first pliirality..h^Y!^g:(^r^!^]|f^^ 
forming a first series of heJLicaL..pai;ticlei o^rientin^^^ said second 

cylindrical- meniber, the lands of said first plurality an^.^e grooves of .said first 
. series defining said second particle orienting pattern, ^d wherein said third 
particle prienting roller comprises a third cylindrical member rotatable about 
said, third longitudinal axis and a second plurality of . juxtaposed continuous 
helical lands on said third cylindrical member over at least a portion of the 
length thereof, the helical lands of said second plurality having a similar pitch 
and forming a second series of helical particle orienting grooves along said 
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third cylindrical member, the lands of said second plxirality and the grooves of 
said second series defining said third particle orienting pattem. 

25. A method accordfiiig to claim 24^/ wheteiri the helidal lands of said 
first plurality are defined by a plurality of juxtaposed wires hehcally wound 

^ ' about, said portion of said second cylindrical meniber, the helical particle 
orienting grooves' 'of said first series beinjg each defiiiedi between adjacent 

^'wires/'^ '^--^''^^ ' ' t^-^^ 

26. A method according to claim 24, wherein the helical lands of said 
first plurality are defiiied by^a pliitality df hehcal ribs integrally formed on a 
penpherd'-siirface^of said" Sec6^ member,' the heUcar particle 

■ orienting grobVbs ofisSid first series being each defined between adjacent ribs. 

27. A method according to claim 24, wherein the helical particle 
' - oiientmg gr6l:jv^^'bf ^saiid first series are integrally defined in a peripheral 
' ^' surface of isaid's'^c^M'c - ^ s^ . > i^* '■ - 

• '28.'"' ■ ' ' A fn^&oS 'according to daiin 24, wherein the helical lands of said 
' ' '^sfecond j)iiirility aplurality of juxtaposed wires helibally wound 

- aboii^^ said''porti8ii- ^if 'smd third cylindrical member, the helical' particle 
orientiAg'groo^^sf'bFisa^ being each defiiied between adjacent 

''Wires." ^ "--'-K ^^^■'^^ ^ • , ' i. ■ . 

29. ' method according to claim 24, wherein the helical lands of said 

second plurality are defined by a plurality of helical ribs integrally formed on a 
peripheral siiiface of said third cyUndrical member, the helical' particle 
orienting grooves of said second series being each defined between adjacent 
ribs. 
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30. A method according to claim 24,. wherein the. helical particle 

orienting grooves of said second series are integrally defined in a peripheral 
siirface. of said , third, cylindrical member.; . 

■ I . I • ' f 

3L.; . A., method , according ,to .claini 24, wherein isaid third particle 
orienting pattOT|piSi&e same as,;S£4dj5990iid..pa^^ Orienting pattern, and 
wherein said third tangential speed is different from said second, tangential 
speed. 

32.,. r); A method accpxding.t9 pl^jm,?!, iwherein the longitudinal axis of 
said; third particle orienting; irpller^^esxten^ to the 

^ tra^velling direction of said s^fe5^ate,, and^^^ prejdeteririined 
direction is the same as said first predetermined direction. 

. 33.,, - ^ method , accqrdmg,. to clann.j^Q/x^l^^ particle 
orienting roller comprises a second pyhpd^caIj tftpiBj)e]^. said 
second longitudinal axis and a plurality of juxtaposed continuous further 
- helical lands on said:secpndxyHndrical naenahjej^fj^^e]: at least a poison of the 
,v ; len^ thereof,, said further helical land^,^jh^i^^.i^^^^ a 

. sierie&.ofiiijrther helical particle orien^ng grppvj^ al9ijg..?aid^^eccj5^ 
^ . mernber,! said further lands; and .said.. iu^ second 
particle orienting pattem, and wherein said third particle orienting roller 
comprises a third cylindrical member rotatable about said third longitudinal 
. _ axis and? another continuous helical land on .said third cylindrical member over 
. at least a portion of the length ^thereof, said other, helic-al land forming another 
continuous helical particle orienting groove along said third cylindrical 
member, and wherein said other land and said other groove define ,said third 
particle orienting pattem. 
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34. A method according to claim 33; -wherein said further helical 

' lands are defined by a plxirality of juxtaposed wires helically wound about said 
portion of said second -cylihdrical mfemb'erj ' said- 'fuiiher^ helicar particle 
orienting grooves being each defined between adjacent wires: • 

' 35. ' - A"^ method a^^^ claini 33, wherein said further heUcal 

lands are defined by a plurality of hehcal ribs integrally formed on a peripheral 
surface of said second cylindrical member, said further helical particle 
^ ' orientiiig grooves being each defined-between adjacent ribs. - ^ 

36. A method according to 'claim 33, wherein said further helical 

particle orienting grooves are integrally defined in a peripheral surface of said 
' second cylindrical member. ' ' ' "■ ^ ^ ^ ^ v 

" ' 37: ' * ?i^-':^-'meLh6d' according to claim 33, wherein* said other helical land 
' ^ is- defined by -2' single tightly wound about said portion of 
' -said^thirdcylindncali^^^ - ' \~ '.' ' ' 

38. A method according to claim 33, wherein said other helical 
* ' ' 'paifdclfe ori^ndi^g'^p^ defined in a peripheral surface of said 

thiM cylindrical ifiem^ ' ' - ' '^"^ 

39. A -method according to claim 33, wherein ''s^id third particle 
orienting pattern is the same as said first particle orienting pattern, aud wherein 
said third tangentiaPspefed is the same as said first tangential speed. - 

' -40. ' ' * A method according to claim 20, wherein the longitudinal axis of 
said second particle orienting roller and the travelling directioii of said 
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substrate are inclined at a tilt angle of about 5° to about 85° relative to one 
another, and wherein said second predetermined direction is at right angle 
_ relative to the longitudinal; axis of said second particle orienting roller and is 
' angled , at an ^angleiiequal to said tilt angle; relative to the travelling direction of 
said substrate.-.' ^i^^-^ • f. . ■ . • ■ } r ■ ^ • 

. 4L J . . iA, method according tO:claiiD. 40, .wherein said tilt angle is about 

45^.... . . . • . -[..p . . ' . ; 

42. • method according to jClajcn; .4P, wherein the longitudinal axis of 
said second particle orienting roller is inclined at said tilt angle relative to the 

:r: -ttayeUing direction of said substrate. : ; l-Mlc^.r /\ 

43 . A method according to claim 40, iwhef em the longitudinal axis of 
said second particle orienting roller is parallel to the longitudinal axis of said 

' .first particle orienting roller, and whereinj^thefijrj^elling direction of said 
J substrate is varied prior ;to said second coating being ;PQntapted by said second 

particle orienting roller so as to be angle4;.:atr/sddi^^t-aiigle rplatiye to the 

longitudinal axis of said second particle orienting roller. 

r: ;44.j-i : : . ' . - A method according to claim,40jiwi!^e4©r#2ije Ion axis of 

said third particle orienting roller extends a|r-ri^tr angle relative to the 
travelling direction of said substrate, and wherein said third predetermined 
direction is the same as said first predetermined direction. 

45. ;* . , A method according to claim 40, ^^herein said second particle 
orienting roller comprises a second cylindrical member rotatable about said 
second longitudinal axis and a second continuous heUcal land on said second 
, cylindrical member over at least a portion of the length thereof, said second 
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helical land fonning a second continuous helical particle orienting groove 
along said second cylindrical member, said second land and said second groove 
defining said second particle orienting pattern, and wherein said third particle 
orienting roller comprises a third cyUndrical member rotatable about said third 
longitudinal axis and a third continuous helical land on said third cylindrical 
member over at least a portion of the length thereof, said third helical land 
' " forming a third 'continuous helicdl pkrticle orienting groove along said third 
cylindrical member, said third land and said tMrd'jgroove defiiung Said third 
particle orienting pattern. 

46. ' " A method according to claim 45, wierein said second helical 
land is defihed by a single wite helic^ly and tightly wound about said portion 
of said second cylindrical member. 

47. K^itfae&od accord^ to' claim 45, wherein said second helical 
particle orienting groove is integrally defined in a peripheral surface of said 

' second cyliii^'cialmembe^^ .v . 

J i ' ; ' - ifiel^oii according to claim 45,' 'whereiii said third helical land 
' ' ^ is ddfiiied by'a^^smgfe^^ helically aii^d tightly wound abotit said portion of 
' Wai^MrH cylmBncari^^ " ' ' ' 

'49. A mefliod accordiag^^to claim' 45, wherein said third helical 

particle orieritmg groove is integrally defined in a peripheral surface of said 
third cylindrical member. ' - ' 

50. ' A method according to claim 45, wherein said second and third 

pdrticle orienting patterns are the same as said first particle orienting pattern, 
said first and secoad tangential speed are the same as said first tangential 
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speed, and wherein said second angle is different from said first angle and said 
third angle is the sanie as said first angle. 

51. _ . A method according to claim 1, wherein said substrate is in the 
formof a continup^us web.. . , ^ ^ . , 

52. ^ , . . Ajo^^ according to. c^in^l, wh^^^ 
arep^cles pf a^^ . . „ , , 

53. A method according to claim 52, wherein said waterbome 
:polywer is selected from. Ae, gi^oi;Pj;;Qon?istin chloride, 
polyvinyl acetate, polyvinyl alcphqym^ copoljmiers. 

54. A method according to claim 52, wherein said liquid dispersing 
* . medium comprises water, an alco^^ol or a in^ti^e tji^^eof . 

55. A particle orienting roller for prientingj)^l3rmer present 
in a polymer dispersion coated on a substrate, comprising a cylindrical member 

/rptatable .abput a lp;igitudmal ^ axis ther^^^ of juxtaposed 

J Gpntirijious. i^elica^ laii^s. on^ sajid cyUn^pal^^^^pn^b^^^^^ ^a ^portion of 

the length thereof, said hehcal lands haviflg^^.|;^|aj j)|t^ch md^fqrrning a series 

of helical particle orienting grooves along said cylindrical member for 
. iinparting a predetemune4^ orientation to ^the. jpolymer particles when said 

cylindrical member is rotated while being in .cont^^9t. with th^ polymer 

dispersion. . , , . . 

56. A particle orienting roller according to claim 55, whereia said 
hehcal lands are defined by a plurality of juxtaposed wires helically wound 
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about said portion of said cylindrical member, said helical particle orienting 
grooves being each defined between adjacent wires. 

57. ' A particle 'brientiiag roller according ¥6' claim 55, wherein said 
helical lands are defined by a plurality of helical ribs integrally formed on a 
peripheral surface of said cyUndrical member, said helical particle orienting 
grooves being each defined between adjacent ribs. 

58. A particle orienting roller according to claim 55, wherein said 
helical particle orienting grooves are integrally defined in a peripheral surface 
of said cylindrical member. 

59. A particle orienting roller according to claim 55, wherein the 
pitch of said helical lands is uniform along said portion of said cylindrical 
member. 

60. A substrate coated with an oriented multilayer polymeric film, 
wherein said film comprises at least two layers of polymer particles oriented 
along two different directions with respect to one another. 

61 . A coated substrate according to claim 60, wherein said film has a 
first layer comprising polymer particles oriented along a first direction, a 
second layer disposed on said first layer and comprising polymer particles 
oriented along a second direction angled at about 45° relative to said first 
direction, and a third layer disposed on said second layer and comprising 
polymer particles oriented along a third direction parallel to said first direction. 

62. A coated substrate according to claim 60, wherein said polymer 
particles are particles of a waterbome polymer. 
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63. A coasted substrate according to claim 62, wherein said 

waterbome polymer is selected from the group consisting of polyvinylidene 
chloride, . polj^vinyX , acetate, polyvinyl alcohol,, and styrene-butadiene 
copolymers. , ^ . * . . ' ' 
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